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[57] ABSTRACT 

A bypass procedure for connecting a bypass conduit to a 
blood vessel to channel a flow of blood around an occlusion. 
The procedure involves attaching a bypass conduit to a 
poitioD of the blood vessel at first and second locations. A 
collar is utilized to suture the graft to blood vessel A 
punching device is inserted into one of end of the bypass 
conduit. The punching device preferably indudes a punch 
and a btock. The block is inserted through a cut formed In 
the blood vessel wall. Concomitant actuation of the block 
and punch toward one anodier severs a section of the blood 
vessel wail to form a channel into the bypass conduit The 
present inventioo also discloses {referred implements for 
use in the bypass procedure. A cutting device can be utilized 
to fonn the cuts in the vessel wall and may be either integral 
with or separate from the Wock. In one embodiment, tiic 
block is expandable between a collapsed state and an 
expanded or inflated state. The block is inserted into the 
lumen of the blood vessel in its collapsed state. An inflating 
medium is injected into the handle of the block which causes 
that block to expand to its expanded operative state. In 
another embodiment, the block is pivouble about a handle 
to facilitate positioning within the lumen. A guide wire can 
be utilized in the bypass procedure to guide the implements 
to the blood vessel wall. 

15 Claims, 16 Drawing Sheets 
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PROCEDURE FOR BYPASSING AN 
OCCLUSION IN A BLOOD VESSEL 

FIELD OF THE INVENTION 

The invention relates to an improved procedure for 
bypassing an occluded or damaged blood channel. More 
particularly, the present invention provides a novel bypass 
method, with accompanying implements, for bypassing an 
occluded artery or vein in a patient. 

BACKGROUND OF THE INVENTION 

Atherosclerosis is a disease which affects the blood ves- 
sels in a cardiovascular systenL This disease involves thick- 
ening of the vessel walls caused by the accumulation of fat. 
fibrin, cellular debris and/or calcium. As the vessel wall 
thickens, the internal lumen of the vessel narrows. This is 
commonly referred to as stenosis. Vessel stenosis impedes 
and reduces blood flow through the vessel. Hypertension 
and disfunction can result in organs which are downstream 
from tiie vessel stenosis due to the reduced blood flow. 

One complication associated with the thickening of the 
vessel is the loss of its ability to expand and contract 
Additionally, the thickening of the vessel wall reduces the 
vessels viability. This results in increased likelihood that an 
aneurysm will develop. If the patient sufiers from hyperten- 
sion or elevated blood pressure, ann developing anewysm 
will frequently dissect and ultimately rupture. 

Small vessels, such as the arteries that supply blood to the 
heart* legs and intestines are particularly susceptible to 
atherosclerotic nairowing. Hie loss of blood supply to the 
leg or segment of the intestine may result in the development 
of gangrene. Atherosclerotic narrowing of the coronary 
arteries impedes, limits and« in some instances, prevents 
blood flow to regional areas of the heart Depending upon 
the seventy of the nairowing and its location within the 
coronary circulation, pain, cardiac dysfunction or death may 
result. Larger vessels can also devdop atherosclerosis. 

In cases where atherosclerotic disease is advanced and ttic 
attendant complications jec^ardize the health of the patient 
surgical intervention is usually instituted. If the disease is 
extensive and the vessel is no longer reliable, it is usually 
replaced or bypassed by a graft. Conventionally this proce- 
dure involves placing the patient on a heart bypass machine 
while die diseased portion of the vessel Is transected and 
removed. A graft, either synthetic or biologic, is alUched 
between the transected sections of the vessel. This grafting 
procedure is called anastomosis. 

A biologic graft is usually a non-critical artay or vein of 
small diameter which is harvested from elsewhere in the 
body, such as the internal mammary artery. When no suitable 
artery or vein can be harvested, or where time prevents 
harvesting of a suitable biological vessel, a synthetic vessel 
can be used. Synthetic vessel are conduits made from 
biocon^Mtible material, such as DACRON€) polyester ftber 
(DACRGH Is a registered trademark of E.L du Pont de 
Nemours & Co.. Inc.. Wilmington. Del.), or polytetrafiuo- 
ride (FTFE). 

As described above, conventional heart bypass surgery 
requires that the patient be placed on a heart-lung machine 
and st(^>page of the blood flow along the diseased vessel. 
This is a very time consuming procedure. Moreover, placing 
a patient on an extracorpcHreal circuit may result in 
complications, such as a stroke, myocardial infarction, 
infection, or hemcnrhage. 

A need, therefore, exists for a bypass procedure which 
eliminates the need for placing the patient on an extracor- 


poreal circuit A need also exists f(x a bypass procedure 
which minimizes die likelihood of damage to die host vesseL 

SUMMARY OF THE INVENTION 

5 Ttit present invention is directed to a bypass procedure 
and associated implements for connecting a bypass conduit 
to a blood vessel to channel a flow of blood around an 
occlusion. The procedure involves selecting a bypass con- 
duit suitable for channeling the flow of blood. An artifldal 

10 biocompatible graft or harvested blood vessel from the 
patient can be utilized if desired. The bypass conduit has first 
and second ends which are utilized in the attachment portion 
of die procedure. 
The bypass conduit is attached to a portion of the blood 

15 vessel at a first location. Preferably, a collar is placed over 
and sutured to die graft to blood vessel attachment interface. 

A punching device is inserted into one of end of the 
bypass conduit. The punching device preferably includes a 
punch and a block. The block is inserted throu^ a cut 

20 formed in the blood vessel wall at the first location. Con- 
comitant actuation of the block and punch toward one 
another severs a section of the blood vessel wall of suitable 
size to permit flow of blood. The punching device is then 
removed from the bypass conduit. 

^ The bypass conduit is then attadied to the blood vessel at 
a second location preferably on the opposite side of the 
occlusion. The attachment of the blood vessel can be by any 
suitable means. However, in one preferred embodiment, a 
cut is formed in the side of the blood conduit A collar is then 

^ sutured between die blood conduit and the blood vessel wall. 
A punching device is inserted into the terminal end of the 
bypass conduit The pundiing device preferably includes an 
angled punch and a block arrangement. The block is inserted 
through die cut formed in die blood conduit and a cut in the 
blood vessel wall Concomitant actuation of the block and 
punch toward one another severs a section of the blood 
vessel wall of suitable size to permit flow of blood. The 
punching device is then removal from the bypass conduit 

^ The tenninal end of the bypass conduit is then closed 
either by suturing or clipping. 

A sleeve can be inserted into the bypass conduit before 
insertion of the punching device in order to protect the walls 
of the bypass conduit from damage. 

45 The cuts that are formed in the blood vessel wall can be 
made by a separate cutting device that is inserted into the 
bypass conduit. Alternately, die cutting device can be 
formed as an extension of the block. 
The present Invention contemplates forming the block 

50 several diflferent prefeired ways. In one embodiment the 
block is expandable between a collapsed state and an 
expanded or inflated state. In this embodiment the block is 
inserted into die lumen of die blood vessel in its collapsed 
state. An inflating medium is injected into the handle of the 

55 block which causes that block to expand to its expanded 
state. In its expanded state, die block forms a surface which, 
when actuated in combination with die punch, severs a 
segment of the blood vessel wall. 
In another embodiment, the block is pivotable about the 

60 handle. The pivoting of Che block facilitates positioning of 
the block within the lumen of the blood vessel. A guide wire 
can be utilized to guide the implements to the blood vessel 
wall. 

The foregoing and other features and advantages of the 
63 present invention will become more apparent in light of the 
following detailed descripti<m of die preferred embodiments 
thereof, as illustrated In the accon^nying figures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of illustrating the iavention. the drawings 
show a form of the invention which is presently preferred. 
However, it should be understood that this invention is not 
limited to the precise arrangements and instrumentalities 
shown in the drawings. 

FIG. 1 illustrates ao arterial bypass made according to the 
present invention. 

FIG. 2 illustrates an end-to>side positioning of a graft onto 
a blood vessel according to the present invention. 

FIG. S illustrates an end-to-slde attachment of die graft. 

FIGS. 4A through 4C illustrate collars which are used f<» 
attaching grafts to existing blood vessels in the present 
invention. 

FIG. 5 is a section view of the graft after it is attached to 
the blood vessel in an end-to-side grafting according to the 
present invention. 

FIG. 6 illustrates the cutting of the wall of the blood vessel 
using block and punch Instruments designed for the use in 
the present invention. 

FIG. 7 illustrates the wall of the blood vessel immediately 
after piercing with the block. 

FIG. 8 illustrates the wall of the blood vessel inunediately 
after a hole is punched through it 

FIG. 9A is a perspective view of one embodiment of the 
punch according to the present invention. 

FIG. 9B is a perspective view of cme embodiment of die 
block according to the present invention. 

FIG. 9C is a perspective view of another embodiment of 
the block according to the present invention. 

FIG. 10 is a perspective view of one embodiment of the 
cutter according to die pitsent invention. 

no. UA and IIB are aoss-sectional views of an alter- 
nate embodiment of the combined cutter and block accosd- 
ing to the present invention. 

FIGS. 12A through 12F illustrate an alteniate block 
cnobodtment according to the present invention as it is used 
to remove a portion of the vessel wall. 

FIG. 13 illustrates the completed attachment of die graft 
to the side wall of the blood vessel. 

FIG. 14 illustrates a side-to-side attachment of a graft onto 
a blood vessel according to the present invention. 

FIG. IS illustrates inseition of a guide wire in a side-to- 
side attachment of a graft according to the present invention. 

FIG. 16 illustrates cutting of the side wall of the blood 
vessel according to the present inventioD. 

FIG. 17 is a perspective view of one embodiment of the 
cutting tool according to the present invention. 

FIG. 18 illustrates positioning of a punch and block 
during attachment of the graft in a side-to-side grafting 
according to the present invention. 

FIGS. 19A and 19B illustrate perspective views of the 
punch and block as contemplated for use in the present 
invention. 

FIG. 20 illustrates removal of a portion of the blood vessel 
wall during attachment of the graft in a side-to- side grafting 
according to the present invention, 

DETAILED DESC3UFTI0N OF THE 
PREFERRED EMBODIMENTS 

Referring now to the drawings, wherein like reference 
numerals illustrate corresponding or similar elements 


4 

throughout the several views. FIG. 1 illustrates a bypass 10 
in a blood vessel 12, such as an artery or a vein, according 
to the present invention. The bypass utilizes a bypass 
conduit or graft 14 to channel blcxxl around an occlusion. 

5 restriction, or defect 16. such as an aortic dissection, in the 
blood vessel 12 (the blood flow is illustrated by the arrows 
in the figure). The occlusion or restriction 16 is a narrowing 
of die blood vessel 12 caused by build-up of matter on the 
walls of the lumen, or by damage ft-om an injury. For die 

JO sake of simplicity, the narrowing of the lumen, whether 
coziq>lete or partial, will be referred to as an occlusion. It is 
contemplated that tfic present invention can be practiced on 
any suitable blood carrying vessel (such as a vein, an 
anterior descending artery or the aoita). 

15 As shown in FIG. 1. the graft 14 is attached upstream and 
downstream of the occlusion 16. As will be discussed in 
more detail below, the present invention contemplates 
attachment of the graft 14 to the host vessel 12 through 
either an cod-to-side attachment 14^ or a side-to-side attach- 

20 ment 14, The graft 14 is preferably a harvested vein or 
artery from the patient More preferably, the graft is an 
internal mammary artery (IMA) which has been harvested 
from under die patient's breast plate. The lengdi and diam- 
eter of the graft 14 is chosen to accommodate the volume of 

25 flow and location of the ocduded vessel. If a major artery or 
vein is being bypassed, more dian one graft 14 can be used 
to bypass the occluded portion. After harvesting, the graft is 
prq>ared in a conventional manner. Harvesting and prepar- 
ing of grafts Is well known to those skilled in the art and. 

30 therefore, no further discussion is required for the present 
invention. If harvesting the graft from the patient is not 
possible or desirable, a synthetic or similar type graft can be 
utilized in the present invention. 
After acquiring the proper length graft 14. the graft 14 

35 is attached to the host vessel 12. In one preferred 
embodiment, the upstream end of the graft 14 is first 
attached to the host vessel 12. As illustrated in FIG. 1. the 
upstream attachment is preferably made via an end-to-side 
attachment of grafting. Referring to FIGS. 2 and 3, prior to 

40 attachment of the graft 14. the host vessel is preferably 
marked with a staile marking pen upstream of the occlusion 
in a suitable location where the host vessel has not become 
hardened or calcified. FIG. 2 illustrates a marking configu- 
ration IS which is useful in the present invention. The 

45 marking configuration 18 includes a circular pattern IS^;. 
which ddlnes die proposed diameter of the aporture which 
will ultimately channel Che blood from die host vessel 12 
through the bypass graft 14. The marking configuration 18 
also has a plurality of rays 18j, extending radially outward 

50 from the circular pattern IS^^. As will be discussed in more 
detafl hereinafter, the rays 18^^ and the circular pattern 18^ 
provide a guide for attaching the graft 14 to the host vessel 
12. During a bypass procedure, the graft 14 is positioned 
onto die host vessel 14 such that the lumen of the graft 14 

55 is substantially concentric with the circular pattern 18^.. 
A collar 20 is used to attach the graft 14 to the host vessel 
12. In a side-to-end graft attachment, the collar 20 is 
positioned over the end of the graft 14 so as to provide a 
tissue-to-tissue interface between the graft 14 and die host 

60 vessel 12. A tissue-to-tissue attachment biologically pro- 
vides a more efficient seal between the graft 14 and die host 
vessel 12. FIG. 4A illustrates one circular collar 20 contem- 
plated for use in this embodiment of the invention. The 
coUar 20 has an inner diameter which is slightly larger than 

65 the outer diameter of the graft 14. In one configuration, the 
inner diameter of the collar 20 is t>etween about 3»/i and 5*/i 
millimeters. The outer diameter of die collar 20 is about 5 


02/24/2004, EAST Version: 1.4.1 


5,893369 


5 

ccDtimetcrs (about 2 iachcs) and the thickness of the collar 
20 is between about 2 and 3 milliineters. The collar 20 
preferably has a plurality of holes 22 formed through it fen 
permitting passage of sutures 24 and needles 26. The sutures 
24 attach the graft 14 and vessel 12 to the collar 20, The 5 
holes 22 are airanged around the collar 20 in a prescribed 
pattern in order to provide a suitable attachment. In the 
enobodiment illustrated, the holes are arranged radially in 
groupings of two. The arrangement of holes is intended to 
line up with the rays *% of the marking configuration 18 to 
provide guidance for suturing the graft 14 to the vessel IX 
In order for the rays 18^^ to be visible when attaching die 
collar 20. the rays extend radially outward farther than 
the outer diameter of the collar 20. Alternates shapes and 
configurati<ms are well within the scope of the invention. For 
example, the sutures 24 and needles 26 could be physically 
attached to me collar 20, as shown in FIG. 4C. The collar 20 
can be made from any material whidi is biologically com* 
patiUe with human tissue, such as silicon, inert plastic, 
polyi^opylene or polyethylene. 

It is also oonten^)lated that instead of conventional thread 20 
and needle sutures, a needle and latch anangement, such as 
the device shown in U.S. PaL No. 3570.497. can be used 
widi or attached to the collar 20. U.S. Pat No. 3.570,497 is 
incotporated herein by rdierenoe in its entirety. In oxdci to 
prevent the leakage of blood, a sealant may be added around 25 
the collar 20. The sealant is preferably a fibrin glue sold by 
the Fibrin Corporation of Wilmington. Del. U.S. Pat No. 
5.420J250 describes in detail the preparation of a preferred 
fibrin glue and is incorporated herein by reference in its 
entirety. FIG. 5 is a aoss-scctional illustration of the graft 14 30 
and host vessel 12 after attachment of the collar 20. As 
shown, the inner diameter of the graft 14 provides a bypass 
conduit for the blood to flow along. 

Referring to FIG. 6. after the graft 14 is attached to host 
vessel 12, a sleeve 28 is preferably inserted into the graft 14. 35 
The sleeve 28 serves to prevent any in4)lements which are 
subsequently placed into the graft 14 firom damaging the 
inside surface of the graft wall. Furthexroore, if the graft 14 
is not an internal mammary artery but. instead, is a vein, the 
sleeve 28 also assists in opening up valves (not shown) 40 
whidi line the sides of die graft wall. The valves are 
arranged so as to permit flow in one direction and restrict 
flow in the opposite direction. Hence« it is impoitant to 
attach the graft to the host vessel such that the flow along ttkt 
bypass is unrestricted. (Alternately, the valves could be 45 
removed prior to attachment of the graft to the host vessel) 
It is also contemplated diat the sleeve 28 could be inserted 
into either end of the graft 14 prior to attachment to the host 
vessel 12. This permits the lumen of the graft 14 to be 
maintained in an open state while the collar 20 is attached to 50 
the graft 14 and the vessel 12. Moreover, if the upstream end 
of the graft 14 is attached first (as shown in FIG. I), die 
sleeve 28 must be inserted prior to attachment since, by 
necessity, the valves will prevent insertion of the sleeve 28 
after attachment 55 

The size of the sleeve will vary depending on the diameter 
oi the graft lumen and the desired diameter for the bypass 
hole that will be foiroed in the wall of the host vessel 12. 
Rrcfcrably the outer diameter of tfie sleeve 28 is slightly 
smaller than the graft lumen diameter within the collar 20. 60 
The sleeve is preferably made from diin walled plastic 
mater ial, su ch as tetrafluoroethylene resin (sold under the 
name TEFLON®), or polypropylene. TEFLON is a regis- 
tered trademark of E.I. du Pont de Nemours St Co.. Inc.. 
Wilmington. Del. With the sleeve 28 positioned inside the 63 
graft 14. the physician has direct access to the outer wall of 
the host vessel 12. 
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The next step of the procedure involves piercing or 
cutting the wall of the host vessel 12. In ordo- to achieve this, 
the physician inserts a cutter or knife (shown in FIG. 10) into 
the sleeve 28, The cutter is generally designated by die 
numeral 100. The 100 cutter includes a cutting edge 102 
which is attached to a cutter handle 104. The cutter handle 
104 can be flexible or rigid so long as it provides the 
physician with sufficient control to cut the wall of the host 
vessel. As shown, the cutter 100 preferably includes a spacer 
ring 106 mounted to a portion of the cutter handle 104. The 
spacer ring 106 is sized to fit within the internal diameter of 
the sleeve 28. The spacer ring 106 maintains the cutting edge 
102 in qiaced relationship from the walls of the sleeve 28 
thereby preventing any inadvertent damage. The spacer ring 
106 can be made from any suitable material, such as plastic. 

A device for removing a portion of the vessel wall is then 
insetted into die sleeve 28. Preferably, the removal device 
con^rises a punch 30 and block (or die) 32 arrangement as 
shown in FIG. 6. Hie punch 30 has a peripheral cutting edge 
30^ diat, acting in conjunction widi the block 32. cuts an 
opening through vessel wall which will define the inlet for 
the blood into the bypass. FIGS. 7 and 8 illustrate the punch 
30 and block 32 in use. FIG. 9A is a perspective view of die 
punch 30 and FIG, 9B is a perspective view of the block 32. 
The block 32 is inserted through die cut in the vessel wall 
and into the lumen of the vessel 12. The punch 30 is then 
positioned against the exterior surface of the vessel wall. 
The punch 30 is traoslated toward the vessel wall (shown by 
the downward arrow in FIG. 8) while, concomitantly, the 
block 32 is translated toward the punch 30 (shown by the 
upward arrow in FIG. 8). As a consequence, the vessel wall 
between the punch 30 and block 32 is sheared off and 
captured within the punch 30. The capturing of the sheared 
vessel wall segment within the punch 30 prevents die tissue 
from entering into the tdood stream and causing sut>sequent 
damage. 

Preferably the punch 30 and block 32 are designed to 
slidingly fit within the sleeve 28 and configured to remove 
a circular shaped portion of the vessel wall. As shown in 
FIGS. 6 and 9C, the block 32 may also be formed witii a 
sharp cutting edge 34 depending from its lower surface to 
pierce the wall of the vessel 12. The sharp cutting edge 34 
eliminates the need for a separate cutter 100 as described in 
the previous step. The cutting edge 34 preferably tapers 
outward as it extends upward to die lower surface of the 
block 32. This shape facilitates insertion of Uie block 32 into 
the interior of the vessel 12. The punch 30 includes a 
depending punch side wall 30^ which terminates in a sharp 
edge. The depending pundi wall 30||^ apart from its use in 
cutting the host vessel walL also acts lo guide the punch 30 
along the sleeve 28 so that the pundi wall 30^^ engages die 
vessel wall at approximuately a ninety (90) degree angle. 

To further guarantee accurate actuation d the punch 30 
and block 32. the punch 30 has a hollow punch handle 36 
extending upward through the sleeve 28 in the opposite 
direction from the punch wall 30^. The punch handle 36 is 
of sufficient length to extend out of die opposite end of the 
graft 14 and permit grasping by a physician or other medical 
personnel 

The block 32 has a block handle 38 that extends upward 
from the top of die block 32 and widiin the hollow 37 of the 
punch handle 36. The block handle 38 has a length which is 
longer than the Length of the punch handle 36 thereby 
permitting the punch handle 36 to l>e held with one hand and 
the block handle 38 with the other hand. 

The punch and block handles 36. 38 are preferably 
positioned substantially in the center of Che punch 30 and 
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block 32, respectively, and can be attadicd by any suitable 
meaDS (e.g., fixed, pivotal). Handgrips (not shown) may be 
incorporated at the distal ends of the handles to facilitate 
actuation. Alternately, the distal ends of the punch and block 
handles 36. 38 may be attached to an actuation mechanism 
(not shown) which permits single handed actuation of the 
punch 30 and block 32. 

If the cross-sectional shapes of the punch 30 and block 32 
are not circular. Aen it may be desirable to form the punch 
and block handles 36, 38 with a non-circular cross-section so 
as to ensure accurate interaction between the punch 30 and 
block 32. For example, (he punch handle 36 can be formed 
with a square hollow cross-section. The block handle 38 can 
be formed with a square cross-section that slides within the 
hollow cross-section of the pundi handle 36. Accordingly, 
the handles wiU be constrained to move only axially wtdi 
respect to one another. The punch 30 and block 32 can be 
made from any suitable material, sudi as stainless steel or 
plastic. The diameters of Ifae punch 30 and Uock 32 will vary 
depending on the graft lumen and sleeve diameters and the 
desired bypass inlet size. U is also possible to limit (he 
separation ci the block 32 and the pundi 30 so that the block 
32 is prevented from passing too far into the host vessel 12. 

Various other embodiments for the punch 30 and block 32 
are within the scope of this invention. For example, die 
cutting edge 34 can be retractable so as to prevent inadvert- 
ent puncturing of the host vessel wall opposite the opening 
being formed. This embodiment of the invention is shown in 
FIGS. IIA and IIB. and is generally designated by the 
numeral 200. As shown, a cutting edge 202 of a cutter 204 
is retractable within a portion of a block 206 and/or block 
handle 208. The block 206 has a recessed cavity 210 formed 
in its bottom surface. The recessed cavity 210 is sized to 
accept a cutting edge 202. The cutting edge 202 is attached 
to a cutter handle 212 which extends within a hollow interior 
of the block handle 208. Preferably a spring or similar 
reciprocating means 214 is mounted at die top between the 
block handle 208 and the cutter handle 212, An actuator 
knob or dq)rcssioa device 216 is mounted to the tc^ of the 
cutter handle 212 which extends past the top of the block 
handle 208. The spring 214 biases the knob 216 axially away 
from the top of the block handle 208. This causes the cutting 
edge 202 to scat within the recess 210 in the block 206 when 
the actuator knob 216 is not depressed. In use. the physician 
inserts die block 206 and cutter 204 combination into the 
sleeve 28 and against the host vessel wall. The physician 
then depresses the knob 216 causing the cutting edge 202 to 
extend out from the block 206 as shown in FIG. IIB. This 
causes the cutting edge 202 to sever the host vessel wall. The 
physician next removes pressure from the knob 216 causing 
the cutting edge 202 to retract back into the recess 210 in the 
block 206. The physician dien urges the block 206 through 
the severed cut in the vessel wall and into the lumen of the 
host vessel 12. Since the cutting edge 202 is retained within 
the recess 210 in the block 206 (or alternately widiin the 
handle), there is minimal likelihood of damage to the 
opposite wall of the host vessel. 

FIGS. 12A through 12F illustrate another embodiment of 
the block as contemplated by the present invention, and is 
generally designated with the numeral 300. In this 
embodiment, the block 302 is designed to be inflatable or 
expandable from a retracted (x collapsed position to a 
punching position. FIG. 12A illustrates in perspective view 
me expandable block 302. As shown in FIGS. 12A. 12B and 
12D. die block 302 in its initial position is collapsed around 
a block handle 304. The block 302 preferably Includes a 
cutting edge 306 located at its lower end for piercing the 
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vessel wall when in use. Both the cutting edge 306 and die 
retracted block 302 are shown positioned within the host 
vessel 12 in FIG. 12E. An inflating medium, sudi as an 
isotonic saline solution, is injected into the block 302. One 
3 method of injecting die inflating medium into block 302 is 
by including a channel 306 within the block handle 304 that 
acts as a conduit from die top of the handle 304 to the block 
302. Referring to RGS. 12B and 12C. the channel 306 
extends from an upper portion of the block handle 304 down 
into the inflatable block 302. The channel 306 communicates 
with an i^iper inlet port 308 which is designed to permit 
injection of an inflating medium into a block handle 304. A 
lower exit port 310 is shown extending between the interior 
of die block 302 and die channel 306. FIG. 12C illustrates 
the channel 306 and block 302 fllled with an inflated 
medium 312 after it is injected into the upper inlet port 308. 
The inflating medium 312 causes the block to expand 
laterally outward. A syringe or similar implement can be 
used to inject the inflating medium into the handle 304. 
2g Approximately about 0.05 to about OS cc's of inflating 
medium would be sufficient to inflate the block 302. The 
block 302 is preferably noadc from a strong plastic material, 
such as a polyester film sold under the trade name 
MYLAR®. MYLAR is a registered trademark of E.L Du 
23 Pont de Nemours & Co.. Inc.« Wilmington. Dd. Refening to 
FIG. 12F, after inflation, the punch 30 and block 302 are 
actuated in a similar manner as discussed above. The sev- 
ered portion of the vessel wall will be trapped between the 
inflated block 302 and the punch 30 as it is removed from the 
yQ sleeve 28. The diameter of the inflated block 302 should be 
less than the inside diameter of the sleeve 28 so as to allow 
the inflated block 302 to be removed after punching the 
vessel wall. Those skilled in the art can readUy appreciate 
that many odier variations can be practiced within the scope 
j3 of the invention. 

An additional benefit of utilizing any of the punch and 
block embodiments described above in practicing the 
present invention is that, after the vessel wall has been 
sheared off, the punch and block prevent the blood from 
4Q flowing along graft 14. Hence, as the punch and block are 
being removed, the graft 14 can be clamped with a soft 
occluding damp, sudi as a *'bull dog"" damp, in the vicinity 
of the attachment to host vessel 12. This allows die distal end 
of th graft 14 to be attached to the host vessel 12 downstream 
43 from the occlusion without loss of tiood, 

FIG. 13 illustrates a completed end-to-side bypass graft- 
ing. Blood can fredy flow from the host vessel 12 through 
the opening and into the graft 14 as illustrated by the arrows. 
The above procedure is one preferred method of perfoim- 
50 ing an end^to-side attadiment of a graft 14. This method* 
however, is not a preferred niethod for attaching the second 
end of the graft 14 since it is difficult to form a hde in the 
vessd wall through die graft 14 witfiout placing the patient 
on a heait-lung machine. However* a modified version of the 
55 above procedure can be used without the need for a heart- 
lung madiine. In this alternate embodiment a side-to-side 
mating of the graft 14 and host vessel 12 is used. Referring 
to FIG. 14. one {deferred side-to- side arrangement is shown 
for mounting the graft 14 to the host vessd 12. A terminal 
60 end of the graft 14 is identifted by the numeral 40. A poition 
of the graft 14 adjacent to die terminal end 40 is placed 
against the host vessel 12 downstream from die ocdusion as 
shown in FIG. L As will be discussed in more detail bdow. 
an aperture will be made between the graft 14 and the host 
55 vessel through the terminal end 40. 

A opening is made in the graft 14 at a suitable location. 
A second collar 42. similar to the first collar 20. is placed 
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between the graft 14 and the host vessel 12. The second 
collar 42 preferably has an elliptical inside opening 44 as 
shown in FIG. 4B. As will be discussed in more detail below, 
the eUipdcal opening 44 is configured to permit insertion 
and removal <^ in^emcnts at an angle to the vessel wall. 5 
The design of the second collar 42 is otherwise the same as 
the first collar 20. The collar 42 is sutured to the graft 14 and 
host vessel 12 as shown. 

Referring now to FIG. 15, the graft 14 is shown attached 
to the host vessel 12 through a series of sutures 46. As with jq 
the previous embodiment, alternate methods of attadmient 
are also contemplated by the present invention and are well 
within the purview of the claims. An angled sleeve 4S is 
inserted into the terminal end 40 of the graft 14. The angled 
sleeve 4S is similar to the sleeve 28 used in the end-to-side ^5 
attachment described above, i.e., a thinned walled plastic 
tube for guiding medical implements during the grafting 
procedure. The bottom of the angled sleeve 48 preferably 
sits substantially flush with the Interior of the graft wall. 

A needle 50 is inseited into the angled sleeve 48 and 20 
through both Che graft wall and the host vessel wall. The 
needle 50 is preferably made from a rigid material, such as 
stainless steel or aluminum, that will sustain the forces 
required to puncture the vessel and graft waUs. The needle 
50 has a channel formed through it After insertion of the 25 
needle through the graft and vessel walls, a guide wire 52 is 
passed through die channel and into the lumen of die host 
vessel 12 such Chat a portion of the guide wire 52 is within 
the lumen of the host vessel 12 and a portion extends out of 
the terminal end 40 of the graft 12. The needle 50 is then 30 
removed leaving the guide wire 52. The guide wire 52 acts 
as a means for directing or guiding medical instruments to 
the graft and vessel walls. 

As shown in FIG. 16, the next step of the procedure 
involves placing a cutting tool 54 onto the guide wire 52 and 35 
directing it into the sleeve 48. The cutting tool 54 (shown in 
perspective view in FIG. 17) includes a cutting edge 56 and 
a cutter handle 58. The cutter handle 58 is preferably made 
from semi-flexible material to permit the physician to con- 
trol the cutting of the graft and vessel walls. The cutting tool 40 
54 also has a channel 57 formed through it whidi allows the 
cutting tool 54 to slide along the guide wire 52. The channel 
57 preferably extends through the handle 58 to the tip 60 of 
the cutting tcx^ 54. The lower portion 62 of the cutting tool 
54 is a smooth Uunt surface. The overall configuration of the 45 
cutting tool is designed to facilitate cutting of the graft and 
vessel walls while noinimizing damage to other areas of the 
vessel 12. More ^xcifically, die physician uses the cutter 
handle 58 to push the cutting tool S4 along the guide wire 52 
and into the wall the graft 14. The cutting edge 56 forms 50 
a cut or slit in the graft 14 and vessel 12 walls. After the 
cutting edge 56 passes through the graft and the vessel walls, 
the guide wire 52 directs the tq> 60 and the cutting edge 56 
of the cutting tool 54 away from the opposite wall. 
Accordingly, the only portion of the cutting tool 54 that 55 
should contact the opposite wall of the vessel 12 is the lower 
portion 62 which will not cause any damage to the vessel 12. 

After the graft 14 and host vessel 12 walls are cut, the 
cutting tool 54 is removed. A punching device it then 
inseited into the sleeve 48. A preferred punching device is 60 
shown in FIGS. 18, 19A and 19B. This device includes a 
punch 64 and a block 66. The punch 64 is similar to the 
punch 30 utilized in the end-to-side grafting embodiment 
described above except that die punch 64 contacts the graft 
and vessel walls at an angle less than ninety degrees. As 65 
such, the axial length of depending punch side wall 64y^ of 
the punch 64 varies around the circumference of the tool so 
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as to provide substantially flush contact with the graft and 
vessel walls. The punch wall 64^ also acts to guide the 
punch 64 along the sleeve 48 to ensure proper engagement 
with the graft and vessel walls. The punch 64 has a punch 
handle 68 similar to the punch handle 36 described previ- 
ously in the end-to-side grafdng embodiment. The physician 
utilizes the punch handle 68 to assist in positioning the 
pundi within the sleeve 48. The cross-sectional dimensions 
of the punch 64 is slightly smaller than die cross- sectional 
dimensions of the sleeve 48 so as to allow the punch to slide 
within the sleeve 48 while at the same time minimizing the 
passage of blood. 

The block 66. acting in conjunction with flic pundi 64. 
defines the resultant opening in the graft and vessel walls 
through which the blood will flow. One preferred block 66 
according to the present invention is shown in FIGS. 18 and 
19B and is designed to fit through small hole or cut has been 
made in die walls of the vessel 12 and graft 14. The block 
66 includes a block cutting surface 665 and a block handle 
70. The block 66 preferably has a channel 67 formed through 
at least a portion of it which allows the block 66 to slide 
along the guide wire 52. The channel preferably extends 
dirough die block cutting surface 66^ from its rear edge 66^ 
to its front edge 66^ Hence, when die block 66 is initially 
inserted into the angled sleeve 48. the guide wire 52 wire 
cause the block cutting surface 66^ to be substantially 
parallel to the guide wire 52. This permits die physician to 
manipulate die block 66 du^ough the cuts in the graft and 
vessel walls by pushing on the block handle 70. The front 
edge 66ys. can be configured to facilitate passage of the block 
66 through the cuts in the graft and vessel walls. As shown 
in FIG. 18. after the block cutting surface 66^ enters the 
lumen of the host vessel 12, the guide wire 52 will direct the 
front edge 66p> of die block 66 away from die opposite vessel 
wall thereby preventing damage. 

The block cutting surface 66^ is mounted to the block 
handle 70 tfiou^ a pivot (or swivel) attachment 72. The 
pivot attachment 72 permits the block cutting surface 66^ to 
rotate or pivot about the lower end of die handle 70. 

After the block 66 enters the lumen of the host vessel 12. 
the guide wire 52 is pushed into the host vessel 12 slighUy 
causing the block cutting surface 66^ to pivot about the pivot 
attadtment 72. This will result in the block cutting surface 
665 being substantially parallel to the interior surface of the 
host vessel wall. 

The punch 64 is then translated toward the vessel wall 
(shown by the downward arrow in FIG. 20) while, 
concomitandy, the block 66 is translated toward die punch 
64 (shown by the upward arrow in FIG. 20). As a 
consequence, die vessel and graft walls between die punch 
64 and block 66 are sheared o£f and captured widiin die 
punch 64, The cq>turing of the sheared wall segments within 
the punch 64 prevents the sheared tissue from entering into 
the blood stream and causing subsequent damage. Hand- 
grips (not shown) may be incorporated at die distal ends of 
the punch and block handles 68. 70 to facilitate acdjation. 

Since the punch 64 and block 66 are punching a hole in 
the graft 14 and host vessel 12 wails which is at an angle to 
the normal, the preferred shape of the punch 64 and block 66 
(and the resulting hole) is ellipticaL However, since the 
shape of the opening through the vessel and graft walls is not 
cyliodricaL it is preferred that the block 66 be constrained to 
move in only the axial direction with respect to the punch 64. 
In order to accompUsh this, it is preferred that the punch and 
block handles 68, 70 have mating non-circular cross- 
sections. For example, the punch handle 68 would have a 
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square hollow crosses ection and the block handle 70 would 
have a square cross-sectioD that slides within die hollow 
cross-section of the punch handle 68. Accordingly, the 
handles will be constrained to move only axially with 
respect to one another. The punch 64 and block 66 can be 
made from any suitable material, such as stainless steel or 
plastic. The diameters of the punch 64 and block 66 will vary 
depending on the graft lumen diameter and desired bypass 
inlet size. 

As discussed above with respect to the end-to-side graft- 
ing embodiment it is contemplated that the block 66 may be 
designed to be inflatable firom a retracted position to an 
inflated punching position. The configuration and procedure 
for using the inflatable block would be similar to die 
embodiment shown in FIGS. 12 A through 12F and 
described above. Those skilled in the art could readily 
modify the block embodiment of FIGS. 12A through 12Ffor 
use in the side-to-side grafting procedure described above. 
Alternate embodiments of the punching device can be 
practiced within the scq>e of the claims. 

After the walls of the graft 14 and vessel 12 have been cut 
the blood will begin to flow into the graft 14 from the host 
vessel 12. The block 66 and punch 64 substantially inhibit 
passage of the blood out of the terminal end 40 of the giaft 
until a soft damp is ^plied to the graft. The terminal end 40 
is then sutured or clipped closed after removal of die block 
66. punch 64. guide wire 52 and sleeve 48. The clamps at the 
upstream and downstream ends of the graft are then 
removed pemoitting flow of blood through the bypass 10. 

In the acoon^panying figures, the blocks are shown sliding 
within the dq}ending edges of the punches. It is. however, 
contemplated that the width of the blocks nuiy be siAstan- 
tially the same as the width of punches. 

While the above procedure has been described as being 
performed without placing the patient on an extracorporeal 
circuit, it should be readily apparent that a hcait-lung 
machine can be utilized in practicing the invention if 
desired. 

Fuithcrmore. while the above procedure has described the 
use od an end>to-side attachment at the upstream end of the 
graft it is also conten^lated that the end-to-side attachment 
may. instead, be utilized at the downstream end Alternately, 
it may be desirable to utilize side-to-side grafting for both 
ends of the graft 

A dilator can be utilized in the present invention to assist 
in expanding the end of the ffaft prior to inseiting the 
sleeves. Also, the graft ends can be cut sli^tly Co facilitate 
insertion of the sleeves ore permit greater access to the 
lumen of the graft 
Experimental Results 

Several experimental tests of the above procedures were 
conducted on a series of cows using instruments that were 
made for the tests. The instruments included three 6.4 mm 
diameter collars having thicknesses of 0.13 mnu 0.25 mm. 
and 0.5 mm. respectively. The collars had holes around the 
perimeter for receiving sutures. The collars were used to 
attach the graft to the host vessel. A 5 mm diameter disk 
having a 1.5 mm thickness was also used as the block. A 
IVefein cylindrical cutter, which is typically utilized for 
corneal operations, was used as the pundi. TheTrefein cutter 
had a diameter of 5 mm and a length of 16 mm. 'Trefein 
cutters are sold by Week, Inc., Durham, N.C. 

The experiments were carried out in the following man- 
ner. An internal mammary artery was harvested from a 
location within the cow and a small cut was made along one 
side. A cut was also made in the host vessel. The collar was 
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placed around the cut in the host vessel Polypropylene 
sutures with a 6-0 thickness were utilized to attach the collar 
to the host vessel and the internal mammary artery around 
the cuts. The steel disk, widi a wire attached to it was 
5 inserted into the lumen of the host artery dirough the cut 
The Trefein cutter was inserted into the distal end of the 
interna] mammary artery and positioned adjacent to the host 
arterial wall Movement of the IVefein cutter and disk 
toward one another caused a circular hole to be cut through 
the wall of the host artery. The TVefein cutter and severed 
wall section were removed from the internal mammary 
artery and the distal end of the artery was clipped. Blood 
recirculation was commenced to ascertain if there was any 
leakage and to determine whether the blood was flowing 
property. 

This experimental procedure was p^ormed several times 
on difi'erent cows, each time yielding favorable results for 
creating an anastomosis. 

Although the invention has been described and illustrated 
with respect to die exemplary embodiments thereof, it 
should be understood by those skilled in the art that the 
foregoing and various other changes, omissions and addi- 
tions may be made therein and thereto, without parting from 
the spirit and scope of the present inveotion, 

I daim: 

1. A punching device for forming an opening within a 
blood vessel wall during a bypass procedure, the punching 
device adapted to fit within the lumen of a bypass conduit 
the punching device comprising: 
^ a hollow sleeve adapted to be disposed within the lumeo 
of a bypass conduit the sleeve having an Inner width 
dimension. 

a punch having a punch wall with a sharp edge portion, 
the punch wall having an outer widdi dimension 

35 slightly smaller than the inner width dimension of the 
sleeve so as to permit the punch to slide within the 
hollow sleeve; and 
a block having a handle portion attached thereto, the 
handle portion extending upward through an aperture 

40 formed in the punch, die block having a width dimen- 
sion slightly smaller than the width dimension of the 
punch; 

die sleeve being operative for guiding the punch through 
ihe lumen of the bypass conduit and toward a blood 
45 vessel wall located adjacent to the bypass conduit; 
the punch adapted to act in combination with the block to 
sever a segment of the blood vessel wall therebetween 
without damaging the bypass conduit wall within 
which the punch and block are located, 
so 2. A punching device according Co claim 1 wherein the 
block is configured to fit within an internal diameter of a 
punch. 

3. A punching device according to claim 1 wherein the 
block further oorafMises a cutting edge formed on a lower 

55 surface of the block and adapted to cut die wall of the blood 
vessel. 

4. A punching device according to claim 3 wherein the 
cutting edge tapers outward from a tip of the cutting edge to 
the lower surface of the block. 

60 5. A punching device according to claim 1 wherein the 
punch includes a hollow punch handle adapted to slidingly 
receive die block handle therein. 

6. A punching device according to claim 5 wherein the 
block handle and the punch handle have matiiig cross- 

65 sectional shapes. 

7. A punching device for forming an opening within a 
blood vessel wall during a bypass procedure, the punching 
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device adapted to fit within the lumen of a bypass conduit, 
the puodiing device comprising: 
a punch having a punch wall with a shaip edge pojtion; 
a block having a handle poition attached Ihefeta. the 
handle poition extending upward through the pundi. 
the punch adapted to act in combination with the block 
to sever a segment of a blood vessel wall therebetween; 
wherein the punch Includes a hollow punch handle 
adapted to slidiogiy receive the block handle therein, 
the block handle and the punch handle having mating 
cross-sectional shapes* and wherein the cross-sectional 
shapes are non-cylindrical. 

8. A punching device accca-ding to claim 1 wherein the 
block handle is attadied to the block through a pivotable 
atuchraent for permitting the block to pivot about the end of 
the blodc handle. 

9. A punching device for fonnittg an opening within a 
blood vessel wall during a bypass procedure, the punching 
device adapted to fit within the lumen of a bypass conduit 
the pundiing device comprising: 

a punch having a punch wall with a sharp edge poition; 
and 

a block having a handle poition attached thereto, the 
handle poition extending upward through the punch. 25 
the pundi adapted to act in combination mth the block 
to sever a segment of a blood vessel wall therebetween, 
the block handle being attadied to the block through a 
pivotable attachment for pcnnitting the block to pivot 
about the end of the block handle wherein the block 
Includes a passage extending through a portion of the 
block, the passage adapted to receive a guide wire for 
guiding the block during insertion into the blood vessel 

10. A punching device for forming an opening within a 
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11. A punching device according to claim 10 further 
con4>rtsing biasing means disposed between the cutter 
handle and the block handle so as to permit biasing 
therebetween, and wherein the block includes a recess 
foimed on its lower surface and ad^ted to receive the 
cutting edge of the cutter therein. 

12. ApuQchittg device according to claim 1 whaein the 
block is expandable from a collapsed position to an 
expanded position, the coU^sed pQsitioD being adapted to 
pennit the Uock to be inserted into the lumen of the vessel. 

13. A punching device for forming an opening within a 
blood vessel wall during a bypass procedure, the punching 
device adapted to fit within the lumen of a bypass conduit 
the punching device comprising: 

a punch having a punch wall with a shaip edge portion; 
and 

block having a handle portion attached thereto, the handle 
portion extending upward through the punch, the punch 
adapted to act in combination with the block to sever a 
segment of a blood vessel wall therebetween, the block 
being expandable from a collapsed position to an 
expanded position, the collapsed position being 
adapted to pemait the block to l>e inserted into the 
lumen of the vessel, and wherein the block is in fluidic 
communication with a channel formed in the block 
handle, the channel ad^ed to receive a fluid medium 
for expanding the block from its collapsed position to 
its expanded position. 

14. A punting device according to claim 1 wherein the 
sharp edge portion is adapted to contact the blood vessel 
waU substantially flush. 

15. A punching device for forming an caning within a 
blood vessel wall during a bypass procedure, the punching 


blood vessel wall during a bypass procedure, die punching 35 device adapted to fit within the lumen of a bypass conduit 


device adapted to fit within the lumen of a bypass conduit 
the punching device comprisiiig: 
a punch having a punch wall with a sharp edge portion; 
and 

a block having a handle portion attached diereto, the 
handle portion extending upward through the punch, 
the punch adajHed to act in combination with the block 
to sever a segment of a blood vessel wall therebetween, 
wherein die block handle has a channel formed in it. the 
punching device further comprising a cutter having a 
cutting edge attached to a cutter handle, the cutter 
handle extending up within the channel formed within 
the block handle. 


45 


the punching device comprising: 
a punch having a punch wall with a sharp edge portion, 
the shaip edge portion addled to contact the blood 
vessel wall substantially flush; wherein the punch wall 
is at an angle to the blood vessel wall which is less than 
perpendicular when the sharp edge portion is substan> 
tially flush with the blood vessel wall; and 
a block having a handle portion attached thereto, the 
handle portion extending upward through the punch, 
the punch adapted to act in combination with the block 
to sever a segment of a blood vessel wall ihercbciween. 
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